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SEMICONDUCTOR DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To 
lower a junction leakage cuiTent by 
preventing the increase of diffusion- 
layer resistance and contact resistance 
by implanting impurity ions to a 
semiconductor substrate, implanting 
rare gas ions or hydrogen ions into an 
impurity implantation region in depth 
lower than the impurity injection 
region and thermally treating the 
impurity implantation region, 

SOLUTION: Ne is implanted to a 
semiconductor substrate 8 as rare gas 
ions, and As is implanted as impurity 
ions. The Rp of Ne is not made 
deeper than that of As as implantation 
energy at that time. The greater pait 
of Ne implanted into the silicon of the 
substrate 8 slip off from the surface 
of the substrate 8 during annealing, 
and traces, from which Ne slips off, 
and defects resulting from the 
implantation of Ne are collected 
during annealing and voids 16 are 
formed. Since, the hands of bonds are 
in excess on the internal surfaces of 
the voids 16 and the voids 16 are 
chemically active, crystal defects 15 
such as the defects resulting from the 
implantation of As are gettered 
during the process of the formation of 
the voids 16. Ne is used as a rare gas, 
but hydrogen may also be employed 
in stead of rare gas. 
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s:aA-ri.xst. s»wi!iasrifeLT. iimm^m 
urn. 

^3ii*:S«*io^B^B^^:Pfg* y y 'J ^ t ^ ^ 

iOt'*> I. vl t t -r 3 - 5 <0V ^•fiXb'fiZ^ 

1000 1] 

^{,zm^mm<7)y/9')y^m{zmhi><nx' 



[0002] 

^ '^■r, sf^ofiLSt ^:^y^ximmt *5jfi< 

ffi^S:(B5S-tl>:fri£i: LT, «ajx«1995SyfflposiuB on V 
LSITechnology Digest of Technical Papers ppl9-20O 
"Highly Reliable 0.15/1 m MOSFETs with Surface Pr 
oximity Gettering and Nitrided Oxide Spacer Using 
Nitrogen Implantation" liZsiMLXSyh^^Mty'^ 

xi:m^^tzmiy^9')yymht. i-f. zffiam 

[ 0 0 0 3 ] 0 6 Jifi!*(7)M O S F E Tc7)i!}jt:^aSr5^ 

ss-fbii2$rj^B£L. mm±izy-hmm3i:ittx 

y-hmk4i. $f>{iy-hmffi4±(CTEOS»^l: 
mSim^-ti (06 (a) ) . iXl:. 'fJt-yaAffitC 
J: OSS 1 ±ij^^m^t:m E 1 5 c m-^toaAl-Ca 

<otA^<7)R p t mm nztii J: -3 izM^. iXizv^mi 

aAL. *57 5 0'CT'T:i-/U-t*3fc{cJ:*). aA$ 
tit:Umi±imtXV-x YV^ >^1^6$rJg«-r2.. 
30 ii^. ^5ryaA{c<J;-5t««l«iyp{-i/'S:Sft. ^ 

~tv^\,z*^ y 9 'J yy^A YtLxm^. «^jS»AV r 
•fsia'mfiSrt>5i#s:-ti-y"/^"j>'^^-rs (ii6 

(b) ) . 

[0004] t^-?>T-. S€ffl+tzi?4-rsxRa*^'ij- 
xYu-i ymmmiizhi>mAi'}-7\.z^mL^j:\.\ 

■TKch-h. S«aA{cJ:S^:Ri7g»a?)fflttiU-:?1S 
[0005] 

*&^fcOV»T. "US" »3 8^f51 1^(199 

5) PP9 6 2-9 7 0tC|ett§nTU|,*J. fcT)^!^!' 

i:nhtz)f)I.Z\iA E 1 5 c m- 2UUiggi0^i8JejtA*« 
50 'ifSTftSA^ r:;-/Pftta3R<i^l|*l(=«®t-5 
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tnf>. y-x HW'f ymieizmitmrniMK-r 

[0006] Z(r)^mii. ±ticr>X 5 ^tRS^SrWfBt 
[0007] 

^yi:itAti>xnt . mmmtx. m 
[0008] z<^mcr>n^m 2 izghimmsi<m 

mMm&<0fzib<DTMm^ty<^&Mz9t:iL'yX'fT0 20 
[0009] ^<7)^BB(0if 3 tfSS^<*5^S<^ 

mmim^t. zff>mtm^:i^-y^yf^txmmL 

MBzayi^^^ht^-JV^m^tiXmi^l. ^m. 
mmmLX. ±ia£|jt«4>iO*:'f KtcJ:0±E¥« 

[0010] z(nmR<r)timifiA\.zi3ki,im^iMffM 
ay^^i^h ^>-f\^&<^^mi^mmz . m 2 <7)mmmA 30 

[0011] zcr)m(^m^m5izghh^mmm<m 

ay^ ht^-iv&(^^i^mmz. ^^x>{:^yhh 

^mmMi:mij<^X'hh. 
[0012] ^co^%BBofi*Ji6 \zm^i/m9.<m 

hxvi'-'Jy-Y^y^i' V<^fdib',z^^-ti,ijayx: 

[0013] zcnmmi^m mi>^¥fm.m. 
mmi. ^m^mmz. LDDfl!jt«{s«Ky-xH 

i'^ymiM^cr)tzit>\.z^ ■^mii^^yi^(^>^ 

m^^ixm^xi'^onut. iMTmmxw^ 

nX'^iximz.ti:^M^<<z^ m^xA :^yhh\^\i^% 

M{yi. im^m. v-xvi-A ymimm^<omp^ 
mt mn&(^^xnmi:^Lxm&xifToxm 
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iimmv'-x)iuA ymf^izmm^titzism^x 
^th{,<r)X'hh. 

[0014] 

HUttfOJB® 1 . OT, :i(^mi^<r>W^(r)jm l Sr^to 
1CJ:I.M0SFE TiOSSt:^^?: ^tUffffif & . 

a«8±ty-Mj?fl:Bii os-^frLty-hmffii 

1^, $'?>t;ir--hmffil liCTEOSKiblil 2$- 

ffMtS. TEOSif^kMl 2{if*iglcfc(tS^7fy 
iiAi7)IS. y-hSKtBllOtc^:i-yAi<iv^0c:i^v^ 

Jf»t^l{^^^^■f Lti^:>ST^i'5^v^ (01 (a) ). 
[00 1 5] ^^x^itytLX. ^-^y (n 

e) $-aAx;N;l.=Jf- ;»^1 OKeV. ?iA«:*^5E 

1 5cm-2T1iAtl.. HiCfcoT 1 3<,iV-XY]yA 

yiza^thm'xmxm&t LX(r)ne\ixmiX'hh 

(01 (b) ) , y:4Z. ^JifiW'f :tyt Ltc?)tASSra 
Ax;*./P^-; *«»5 0KeV. aAJi:*«>4E 1 5cm 

Aisi* t ^ * v-^ixmx'h h . is Ax^r^ 

yP^-tLTti. Ne«oRp3&^>3^i7)Rpj:0tS<^r 
(s^rva d S . *<J!lTiiN e 0 1 0 K e vaA«<0 
Rp{i0. 02 1/im, tA3i?i05 0KeV2iA^<^Rp 
<iO. 0 3 2/zmt'i)0, ±ia^fr2:it^cL-Cl.^l.. -f 
3ry}iAC J:l>SlR8<^ft5a« 1 5ti^ jf-y^DaA* 

m'&mT^j:<^hi.zM\^^m.\iz{,m^^tii> mi 

(c) ) , 

[00 16] iKtc. SftjagtLt. 80 0-C. 3 0^^«0 
7~-tvifxot. %ijxx:hhnQ\ii^'}:iy^<r> 

mmJ^if^^^<^X-m.Si^ U n y+CiiA^ n/cN e O 
:^»i>t±r--;i'+tcS«8affi*''^.»{tail). Neco 
mi^tzht'^n e aAieao5CPfi3!i<r:::-;W4'K:Jlll 
oTTK-f H 1 bimm-^, K 1 60|*Iffl{iife^£7) 

^tcfctts^^+tfftt-rsea^Eiifisi sas^'j- 

W^rvv/-x Fix ^ y^lS 1 7 ^{zhh^inXm 1 5 

li. «-^'j-^m»rati^«Pu^vv ttchht'^ fi 6 

liNeiORpf*i5tJg^$iiy-;^Hlx^>-^tt{l 71*3 
tfcSt^X'. ^■K'f K 1 6ef*:*«'J-^'^oi[S-*IH-::fcJ4 
=5rv^. ^LX. ^l!i^<r>tE^mmi\.ztbhXmy'/9^} 
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JStn;^±#§l*-S;t(i=3:v^ Ol (d) ) . 

[ 0 0 1 7 3 . 3 y rJ' ^ hasttjfti^axiifiio^ 
1 Lyt:-«<^xgt'y-;^ Ku-f y^iS 1 1 

yt^¥u^ ymm 1 7±{C3 y ^ ^ h5^-;u 1 9 iBfR-t 
(02 (a) ) . 

too 183 a«8±*>^>=jy^^'h*-/H 9 
<^lSt U X-f jj-y ?raAx:7^;Pds=^- ; 4 0 K e aA 
*; lE14cm-2t1iAL. C<Of*M«iafc LtT- 

1 9xyi-y'/^z&mtmrBxm20i}iv-x 

H l^'f yfiilS 1 7 K 1 6 O'-y 'J v^/Sn 

x<^o y&xmJUimx'hh (02 (b) ) . »:{cny:? 

^'b*-;H 9i*l?-mfiit^l.:5'y/;^r>' (W) 2 2 
mX-mifiiLti (02 (c ) ) . ||l8l<0T^^''f XTJis $ 

[ 0 0 1 9 3 i^. m^mmmxiiv-x h i^^ y<i 

1 7 <0 N e tA5l5aEA<^{=r--;PS:4T-> ^ 
*^ NeaAf^{cr--;P$-ff-7t*>^>lA?gS-aAt. 

N e aEAt*<OT--;I^T'N e 3!)qeiR8*»ii.ft 
ttX^'f H 1 6*{}KjS$ixS. gilC:K>f Kl 6*^JBfilt$ 
tltz^WX'V^m&.Kifi'^Xl. -f-iOf^^r^-zPtlJ: 
Oi^B^aXPa 1 5{i#^ H 1 6 tcy-y 'J V^'Sil*. 
[ 0 0 2 0 3 it , ±IEieSt<^JiS-C{i V-x h'U'f y 
m^l 7{c;NeitAS:^t-5T*>^.t>#iiASr?Tr>;t3b<. 
lA5giiA^:Ne^±AJ:'5t5fe^C^T-^Tt>^V\ iit, B 

\>^m^i:m&-r^m^ii. iie^oi^tifetNeSraA 

iOV-^^KU-f ylBJSl 7(irt/U7r;^^l:$ilT> 
lAJRaAii*tOf-^:!^Uy^^:!ip$iJtS*»4.t'J>l.. *ll 

m(r>mm\ifiMos^m^xmmtx\'^nfi, pmos 

-C;}iD >(c J: 0 V -X H ymm 1 7 Sr^tS*^ 

5t(=aA-r-&:frA''"M4H'\ 
[002 13 ii'i, ay^^h*-/H 9mt*Km 
Ztil . ayj^^ vmKm.<^tz}hcr) >j ymMHHW 2 
l{i£>1'L,^)^^^S<r)^:t^0t'{i^^^*^ U^^St* 
L:t«^T't> . 3 y ^' ? 1 9}g)«atT=.-;l' 

•rSvltCiO. 3y^^'h;l-v-;H9X«yf->^'JCj8 
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[00223 i!t, H^m.m<r)ay'9 9 hSB'vcT^jiffl 
^Ct5lr^•C^i. y-XHV'OmiSl 7J^fi!t07^cJ6c7)jiA 
I^cmL^t.-K'f Kl 6 5-fJfflL/w*«. oy-^i/Vif^- 
)V 1 90i;|JCN e y ^aA L"CBrSiOjS5$tcH^'f 
¥iB^L. ::iySf7\-^X(r>y yf'}yf-9l^i^h 
\,zm-tZti,^^X'hh, ic^t^WNeiiA^ORp 

t , 'J yiiAtelJcl 2 1 m^<^tz»><r) V y ?±AOR P J: 
10 Ota5<^:^.^:v^J:3fc:i-S. UyttA}ii:««21*sa 
<m$^iT y-;^ h']y^ ymm l 7 rtl::-^in-g>«'5r 
^^(i. y-;^Kb^>^i^l 7<o«^$-ia!x^rt^«l:: 
NeiiA^^td. 

[002 3 3 llilom2. <XC::iO^BflSrDRAM<0 
ZLX'ii. DRAM<r)'Jyi^-yi^a.1^mzmz^mi^ 

ihxhv-i^y-m^y^9 hmzmimsa:f6 

coy-/ ^ V y^'^co^^TiKBfl•t■l. . mizh^^x . 8~ i 

2. 17-19, fcitX 2 1 {i±ieilSfei7)«^lilli: lit 
20 to, 1 7 a(iy-;^HU^>'Jg-^, 2 1a{i3y^'^' 
hft^. 2 3«y-h«flill(^)^f-f H-^^-zK 24 
iit'-yhy^y. 25iiXhl^-'Jy-V. 2 etilfitl 
L-Ci0m2OliaK, 2 7Ji;^hU-i^V-F2 5 
^««ll-rs:trt<r)=jy:?^'h*-;u, 2 8JiUyaAfi: 

fiJtii2 1 '¥lzm.Uz:!f^^ HT'*>I.. 

[00243 i-f J: 0 , mm izy~ hs 

ffifll)il0-12, 23tV-X\^U^ ym&libi}' 

c^&i ^^vhyyi^x^f Uz^k. Jiiaie i s s- 

0« L , OJira^ 1 8 12 3 >• ^' :? h ;f.-;H 9 
30 LT, 3y^'^h*-;H9«-^Lty-XHL''^>'« 
i$ 1 7 ^--ntzma- Sh'-/h5'fy24 JglS-T 5 . 

ixtc, m2(om!sm2 em^uztk. t^2<r>isjsm2 
6iiXl/^cr,TcomfSm a^mm^zx-y^yyix 
V-x H u ywm 1 7 c^fl!i:^<7)±tc a y ^ h 
2 7€:WP-fl.. 

[002 5 3 »:t:, ««8±*»^3y^^'b*-;U2 7 
St::, N e ^jfySr^Ax^/l^dF- ; 1 OK e V— 2 0 
KeV. aA*: 5E1 5cm-2-eitA-fS. Ne^ 
iOR p{i^EAX:t«;Pdp-*« 1 0 K e VSfT'O . 0 2 1 ;u 
40 m, 20KeV^T'0. 04 3^i mT*>l.. <^:tc. 'J>- 
^ 3r>-^aAx:T«/P^ - : 4 0 K e V, ^A* ; 1 E 1 
4cm-2TaAL, -eoftSWaiSlfc 8 0 Q-Ct'S 0 
^SS7--;Utl>. y>-aA<ORpl±0. 0 4 9/im 

T'&o. ne^i(ym^my^ify^z]t^xm<m 

j£$itSJ:3t, aAx;t«;Pdf-,i{ig^$^l|,t<r)r*) 
^<?)Tr:-;HSCJ:-,T. N e (7)AgP^i-JiS«8 
^E«>^SiltajL, NeiO^ftaj/iJjt-^NeaAfia 
cOXP(B*mi->-C'-K^ H2 8?rJ^li!tL, ^^tc^i^)^^ 
F28*WiiXK2:y-y:?Uy^^-fS. iJCtC. #»Jj^'J 
50 oyl)^h^hXVl'-'JJ-V2'5i^ ay^i^ht^- 
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[0 0 26] -jRfl<)C;?.hU->'V-K2 5c03y^'^' 

0 . ;^ N U-i^V - h' 2 5 'c>«?gf*%ftl>ISH t 
Jia5{cNeaA{:J;l.;t<^ H2 8SrJ^li£L. :>-'7^'Jy 
H28li«-^17a. 2 1 aJ:0ta<JBf£LTV>|,O 

;^ H u ym.mm< ^rs .r 1 1, ^, 

1 0 0 2 7 1 ^rfc , C: ^-C'fiN e aAfitC U yftAS'ff 
^li. rjy^'^' h«^2 1 a{±y-;^HU^ytg^l 7 

[0028] nmrnms . ±ieii«t<^je!g2 t{±;^ h 

P->'V-K2 5<^3>'^'^' h;f»-;i/2 7<0JSfc:<D;^^< 
>f H 2 8 5r}^^ L , y y ^'U > ^ h i: LTfiJffl Lfc 

2 5<7)3 ^ hmm<oms>xm-y -/ y y/t 

04<i::(^i^BB<:o|li!ic^J^®3{cJ:|.DRAMO^ 

[0029]^ cTims^ff^mmvii. ±M?Mmmm 1 1- 

S-CNeSraAL. H 2 8 aS:3gjitt-5. tSfoT, 
d<-f H28a*iy-;^KL'^ XlS^l 7 atCffioTJg^ 
H2 8a{iy->^HU-f >-«^l 7 a 
J:OtS<, ttz, 3^:?^' hjg^2 1 aj:0ta<^r 
5J:^fciMAx:*.;Udf-?:i5^LTV^4<0T (WitfN 
e ; 1 OKeV. V-XHW-f ^As : 5 0KeV, 3 
y^J'^'hP: 4 0KeV) l» H^ffSr&ja'S 

-^zmtSim'^^. tfc. Nel±s1g8«f{^^Jt^ 

fc'^S L ^: I- y ^ h Jfttt^^-S < •& i fc t ^: 
V\ Ni, 't;^ F 2 8 a^fi!t<0yitf)O7--;H±y-X H 
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[0030] ||Jfe<^)B®4 . iKiz . c:<0l6H3<05lte<0JB 
«4 (C i S MO S F E T<r)mi^tmm5 ItS^V^TW 

^ ymm^y-h^t:t-j<-y yrixm^^hf^ 

MOSFET{:affltS(?l|SrittHB-r&. ««Z8fc. 

-f. ii«8Jb*»4.Ne'f7r>$:4 5' iOaAftffit'ffJ') 
5 E 1 5 c m- 2 waASt'jiAtl) . »:t:A s >f 
10 yfritAx^./U:^- : 4 0 K e VT'4 5* </)&JJiStC 
#|4')A»<o3El 2cm-2<OitAlti£ALty-h^;fii 

1 uc3t->'N'-7.y7'f-&ffiH8Sy-xH^^yMi!S2 
9&Jg|j!ttS. ::wi^t>«xg<^«i5!iaf*KNeaAt 

imLxm^$tih:ir^^ i^sotmm^^y-xvu^y 

(05 (a) ) . 
[003 1] iJci:-9-'f K'>*-/U 2 3 g-J^lS Lfz^ (0 

5(b)). S^8±*><^As>f ;t>-S:0* <oaA:ftg 
"raAX:*.;P^'- ; 5 0 K e V , ^A* : 4 E 1 5 c m 

20 -^TitAL. ■?-Of|La?«i!vatLTr:i-;l.fCJlfj8Ky 
-;^KU'^>MJ^3 1$rJB«-rS. C:orx-;H|i(;,-K 
HSOTli^ffM^^xSbttT'*)!)**. *IIJtOJgST'{i 
Ne$:4 5- <^i}46aAL-Cl»l.<OT. m&f^V-XV 
ymi 2 9«0-?-^;t«;HI!l«i5{Ct ,-K>f H 3 0*«?glS 
$fLSi:V^3?#S*>$)&. >I(50*:>f F3 0(if-v^-/U(7) 

•IJ-C. ')^^r^^lVoy■!ir9^yxHM^■tht^^o%^ 
mi . i/c. '-tJ-Y K 3 0lifi«8Ey-;c H i^^f y«« 

2 9{-j&-)TBE!t$^irfcO. f-v^-yKi^SS<:o;^iit:*) 

h'3 0<i. igiBiSfcJ:t^iRg<^y-X KU>fy 

sts 2 9 . 3 1 mm<miHmi: f'> 9 u y ^^-t-s ^ 

[ 0 0 3 2 ] i^:(c. ISIS 1 8 iSrJeiSLt . ailR6«ltcx 
l±tC3y:?^'h1:-/H 9$:)B«-tl.. Cc^li^t, 

h' 3 0 (c J: 0 , 2«i 8 <03 y ? h mm(^^^x 

«-r.?.Ct*<^tilT'J)l.. *7^c, NeliSSS+CIJt 
40 ^i:^@L^v^^OT^ y -x K b ^ y fgyj 2 9 . 31<0 

(d) ) . 

[ 0 0 3 3 ] 1^6, ±mm^<r>mm i ~4{i-r'<-cNMo 

S S: i: r> t IftBJ L it *< , P M O S Ico v t nm<r> 

[ 0 0 3 4 ] ±i?^tiff)mmXUN e 

m(r>^^'y.^ ^y. ttch-h. A.ijr^A (He) , 
7/l^::f> (Ar) . 7')rVy (Kr) , Jf-^/y (x 
e ) . 9Hy (Rn) SrfflV^Ti^lr^. ttz. m^^X: 
50 <i^v^*<;}<« (H) Tt^v^ Zixhff)7mkii^')riy 
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J: OM=0:O. mUiTiimX'ii 1 E l 6 c m-^a±.£^T 

[0 0 3 5] tfz, ±timi^mmi-t<x^:t>^ 

[0036] 

immsik] a±(^xoizz<omizxht, mm 

mtZ i: tc J: 0 , m^eXmi: Y ••/ ^ U 

[00 37] ttizco^B^izXit. mxAtyhh 

^ycri^x^z^-iX'Hofz^. ^wmm^^^-f^- 
V yf^imx'h . mw.mu<omw&ir^t>izfi\±t 

[0 0 383 iitdiO^BBCiSt. mm±.izay:^ 

9ht^ itzmmmm ix^ikm^y 

[0039J tfiZffi^mziihb. 3y^^'h*-;U 

rtti^fc j:t^tt!i?!i>f :^y&x^mhxmm.X'^Vk 

{OOAO\ttzZ(/i^f.ziiht. ny^^h*-/!/ 
TtXLXmmimttzib. nyrJ'^MSlwtJttSttJt 



^ t> ; i^iw-r 1 1 - b / b B ^ 

1 0 

[004 1 ] ttzZff)^R\,Ziiht . ^«ti£igiisic 

10 04 2] ttzZffimtiZi t . L D Dfl!iiC0(S« 

y -XYU^ ym^fp l,z , ^s^>£A-C-*;<7'A ^ y * I. 
^^Ji*«^3fy5:iiAUTSWiia5rife1-^tCJ:0. ^ 

10 Si^mty-v^vy^^titiVi, v-xYv-iym^ 

mm.iiXx/nMt<fy^y97Ymsm.^^^hz 
tic<. m-^cov-'^mmi&mx'hittuz, ni.z 

[iiffli^sm^iftHB] 

[02 ] z<mm<^m^<mm i ^ i 4^»«ssss<o 
[03] z<r)wm^mmi&2izxi>^miim'Si(7) 

[114 ] z<r)?&^<n%m>mi&3i,zi. h^mmm<r> 

vnm.ni.xfm.-m^^'mmmx'h h . 
[ n 5 ] z (nw^<^^(mmA. t J: h^m^m.<r> 

m&i^mi^-tmw^xhh . 
[06] mk(r>^w.m.'n^m.-nm^:^^-mwmx 

[??-t<7)|jeB^] 

30 8 ^^mi. 13 *;yxaA(Si«. 14 ^-mn 
w^mit Ltw#aAfs«. 1 5 iKo^BXPfi, 1 6 
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BEST AVAILABLE IMAGES 
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□ BLACK BORDERS 
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□ GRAY SCALE DOCUMENTS 

cTlINES or marks ON ORIGINAL DOCUMENT 

□ REFERENCE(S) or EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IIVIAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
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